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scstiercrs of vitihk light. Compound* tike barium sulfate «nd t«!c attenuate radiation » 41 visible and 
ultraviolet W9vt1cftg(hf onjy by (caiiering. Compound* 1&* (Itanium dioxide and aine o*idc exhibit a 
semiconductor optical absorption $t.p % absorbing mosr radiation ar *horur wavelengths than the gap, while 
at wi,vrl^^ihs longer than the aap these compounds seacttr. Colored iron oxidts acntw radiation and 
simvlwneoutly sbyorb vurioos visible and ultraviolet wavebands. This knowlctUe i* importune in the use of 
th«e compound; In >uf>5ercen products because it surest* that while rhc featuring of a particle can be 
modified by In environment, rhc absorption characteristics of a panicle cannot be changed. 



INTRODUCTION 

Sunscreens are classified as chemical or physical depending on whether rhey absorb 
specific waveJcngrh bands of radiation or reflect and scatter. When chemical sunscreens 
we applied to rhe skin, chey usually do not modify the appearance of rhe skin. When 
physical sunscreens are applied ro the skin, rhey con be setn on rhe skin's surface be- 
cause they reflect and scarcer Jighr (1,3). Because physical sunscreens arc not wave- 
length selective, rhey are cecognived as effective ingredients in sunscreen products con- 
tributing broad spectral protection. 

Greater emphasis is being put on use of physical sunscreens because of regulatory and 
safety concerns. In Japan, the amount of chemical suwereen agents that can be used in a 
produer Is limited by law, If sunscreen produces are to be highly effective, an adequate 
amount of physical sunscreen must also be employed. At the present time there is no 
limitation on the amount of physical sunscreen that can be used in a product. Presum- 
ably there is no risk to the user from physical sunscreens. 

In the United Stares the OTC drug review examined the safety and efficacy of each 
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sunscreen agent separately, serting maximum allowable concent rations In products (I), 
The maximum allowable concentration was determined on rhe basis of the concentra- 
tions chut had been used in markded formulations and chat were supported by safety 
resting for those concentrations. Thr current policy allow use of combination* of ap» 
proved agents up to the maximum concentration limits for each agent. 

At rhe time of the OTC review only titanium dioxide was submitted as a physical 
sunscreen agent for use in xuntcreen products. Titanium dioxide* therefore* appears to 
be the only acceptable physical sunscreen for use in sunscreen products in the United 
States (1). In the pasr several years, the avaiicbiiiry of physical sunscreens »nd their 
quality has increased. The range of particle sues, especially smaller sizes, has been 
etfenried dramatically, Today there are many additional choices of possible physical 
surttcreen agents. Moreover, we r.nw know better how to design acceptable products 
incorporating physical sunscreens. 

According to Pathalc (3), "Physical sunscreens are usually opaque formulation* and 
contain ingredients that arc particular* in nature and do not selectively absorb UVR, 
but when applied as a film, they primarily reflect and scatter UVR and visible radiation 
because of the she of the panicle* vnd thickness of rhe film/' Also in 1966, Kollias tr 
aL (2), while establishing the optical tpecifications for a new spectrophotometer, exam- 
ined the reflectance chAracrerisric* of titanium dioxide, showing thar titanium dioxide 
exhibited a strong absorption edge characteristic of semicOnductWat wavelengths ju*t 
shorter than 40() nm. This observation provided fhe inspiration for this examination of 
Che definition of physical sunscreen*. 



.METHODS 

A Varun Cary 2300 Uv/vis spectrophotometer with a Harrick Praying Mantis attach- 
menr wax used for obtaining diffuse reflectance Spectra of physical sunscreen powders. 
Barium sulfite was used throughout *s the reflectance reference (Aldrieh Chemical 
Company #24,355-3). All spectra were measured relative to the BaSO^ spectrum 
Spectra were measured from 250 ro 720 nm and stored on magnetic media usin* a 
Vuri&n OS- 15 data statmn. 

A -diffuse reflectance spectrophotometer was also used to obtain similar data from ©pti- 
cally chick powder samples (2). This instrument was modified forUV spectrophoto- 
metry measurements as follows. A 1000-watr xenon arc (Oriel #6140) was coupled to 
a Jobin Yvon UV-Ht monochromacor with the «ltu set at 1.0 mm (band width of 2 
nm) which provided input ro a sltt-shaped bifurcated silica/silica-iJid fiber optic 
bundle. The common end of the bifurcated bundle h*d randomly mixed fibers The 
other end of the bundle terminated m a slit-shaped fiber amy that provided input to a 
Jnbm Yvon HlO monnchromator whose output was measured with an Oriel #7070 
photomult.plicr power supply amplifier. Shutters, stepper motor*, and order sortinc 
Hher were controlled by and dm acquired with a Hewlett Vtrttotd Model 150 U mi- 
crocomputer, and a data acquisition controller (HP 3497). 

h vivo tests were performed to determine if titanium dioxide and kmc oxide in a clinical 
producr (Hose Cream) provided the protection predicted by the in vitro study of sun- 
screen products. A I0.cm X \0<m square was drawn on five volunteer* 1 backs A site 
within this arc* was selected and scanned with the fiber Optic spectrophotometer prior 
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to product'application. 100 mg of the tcsc product was applied (1 mg/cm 3 ) and tbt site 
was rescanncd. 

The physical sunscreens examined were: 
Titanium dioxide, Teikoku Karo #3296 
Titanium dioxide, Dcgussa #P25 
Titanium dioxide, cosmetic grade #8740-40 
Tiranium dioxide, Guardian Chemical, ulrrafine grade 
Talc, USP 

Talc» USP. microniied (8190-40/19888) 
Zinc oxide USP 

Iron oxide, yellow cosmetic grade 
Iron oxide, black cosmetic grade 
Iron oxide, red cosmetic grade 

Rom Cream (7.596 tine oxide + 7.5& titanium dioxide prepared by the Al*Sabah 
Hospital Pharmacy) 



RESULTS 

The representative reflectance spectra for titanium dioxide, zinc oxide, talc, and the 
iron oxides obtained using the Cary 2300 are shown in Figure 1. All spectra arc relative 
to the BaSOrf reference. Throughout the visible spectrum, all agents tested except the 
iron oxide reflect 90 to 100 percent of the light relative to barium sulfate. TaJc reflects 
visible and UV similarly to the barium sulfite reference. At wavelengths shorter than 
400 run, titanium dioxide and *inc oxide behave differently from the barium sulfate 
reference. Both zinc oxide and titanium dioxide reflect less radiation in the uitravioler 
than docs barium sulfate. The results for the pigmented iron oxide* show that these 
compounds reflect, scatter, and absorb visible wavelengths and behave similarly in the 
UV radiation. 

The reflectance of titanium and line oxide powder* using the fiber optic remittance 
spectrometer is shown in Figure 2. The energy gap i* shown io be at approximately the 
same wavelength for both sunscreens. 

A representative in vjuo spectrophotometry test of 1 mg/cm 2 Rosa Cream containing 
7.5% iinc oxide and 7.5* tiwnium dioxide is shown in Figure 3. Note the sharp 
decrease in reflectance juit short of the visible wavelengths. The absorb* ncc of rhe 
product is measured by radiation passing twice through the applied product and, there- 
fore, two rimes larger. 



DISCUSSION 

The results indicate that there are at leasr rwo different types of physical sunscreens: 
those which only scatter radiation and those that also absorb selected wavelengths. 
Agents that only scarcer radiation axe represented by barium tulfatc (BaSO^) and talc. 
Titanium dioxide (TiO a )» tine oxide (ZnO), and the colored iron oxides comprise the 
second group, namely those that scatter some wavelengths and absorb other selected 
wavelengths of lighr. This latter group of compounds is potentially very ixrge in 
number. Both talc and barium sulfate rnusr be visible on the skin's surface if they are to 
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be effective If rhey do not appear visible as powders or as » film on chc skin, they «e 
nor scattering light. It is tempting to speculate that a eotmetically acceptable product 
providing Lfv protection could be formulated by matching the index of refraction of 
barium sulfate in the visible with the index of refaction of the vehicle and having <s 
large difference in index of refraction in the ultraviolet. However, this would be diffV 
cult to accomplish, for when the indices of refraction between the scatterine (articles 
and the surrounding media arc matched in the visible, the formula will disappearon the 
sk.n. At thin point these particles no longer protect a sunscreen because they are no 
longer scattering light. This means that the use of compounds like BaSO. and talc as 
physical sunscreens jj limited because the scattering function is susceptible to iteration 
by the agent's environment. 

On rhc other hand, the use of titanium dioxide or iinc oxide in sunscreenint produces 
makes a great deal of «n«. Both compounds exhibit a very strong absorption band at 
wavelength* just short of the visible ipectrum. This corresponds to the optical band «» 
of these semiconductor-like mareriah. Ar wavelengths shorter than the optical «p Ihe 
radiation w.ll excite electrons from the v»lence band to the conduction band At wave- 
lengths longer than the optical gap, this mechanism for absorption and dissipation of 
radiant energy is not available. As the purity is compromised, the absorption ed« 
becomes gradual and the band cut-off it less steep. This is seen in Figure \ bv com- 
paring titanium dioxide curves I and 2. ' 
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Our fa tjvo dpta for the ointment applied to skin shown in Figure 3 agree with the in 
vhrft work with rhc oinrment and with powders in Figure 1. The very sharp optical gap 
char begins just below 400 nm can be seen, Ar wavelengths shorter than the gap, the 
produce should function as a very good broad-ipecrrum sunscreen. At wavelength* 
longer than 400 nm, protection will be provided by scattering. The fa vhro faults with 
powders suggest rhar high absorbance may be achieved on skin if properly formulated. 
T*e benefit of including the absorption of a physical sunscreen that has semiconductor- 
like properties is that the protection provided by the product will be unchanged by the 
surrounding media. Formulation techniques can be used to create aesthetically accept, 
able products using rhese oprical properties. 

In sunscreen products where scattering is used as a means of attenuating radiation the 
wavelength of the radiation will generally be shorter than rhc particle diameters of the 
material employed. This will result in the common Mie type of nattering, which varies 
relatively siowjy with the wavelength of light. If particles arc smaller than O.03 microns 
in diameter, then Rayleigh scattering will take place. 

If scattering is to be used in sunscreen products co attenuate exposure, then the smaller- 
diamerer particles will increase the concentration of pfcteicle* on the skin 5 surface and 
attenuate more radiation for the same concentration of physical sunscreen. The particle 
radius cannot be indefinitely decreased, however. When the radius becomes substan- 
tially smaller than one micron, the scattered light wil] be preferentially in the forward 
direction, thereby deceasing the effectiveness of the material. 

Iron oxides ore intended to provide color to the skin. As can be seen .in Figure i, the 
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color if «*ijy detected by measuring reflectance. The low reflectance « tei ids through 
the «lrr»v,oJei. These compounds al,o should function as physical moreens became 
they Jibsorb the potentially harmful wavelengths. «*«iue 



CONCLUSIONS 



Users of ph y s.c*I sunscreen »gents should reeognhe their common properties w partieu- 
late powders insoluble in the formulation. In terms of their Optical Lpertie, \hcy » 
scatter y ls ,bJe and ultraviolet radiation eerily well, or 2) *Ler JL£ 32«b 
Blmv.oiet, or 3) scaete, and absorb visible and ultraviolet to different extents The 
scatter^ propert.e* or these powders „n he modified by matching dSTSexof 
refracts «.* that of cheir vehicles, but the absorption properties .« of 
the bulk material and cannot be modified. c °' 

Reflection and scattering of light is effective as a means or protection only if the refrac- 
tive index of the med.um used to disperse the physical sunscreen and that of the plwt- 
■«l sunscreen , c,e r are different. The closer these indices are to one another the Let 
the screening efficiency. Talc and barium sulfate, which »re effective as 
only by this mechanism, suffe/ from this problem. sunscreen agents 

Iron oxides exhibit electronic absorption bands in the visible region, giving rise to their 
pr cewed color. These bands extend into the ultraviolet region. t^fZlZi". 
potenml use as sunscreen agents. Because of the nature and degree of JLJpZ Z S, 
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ultraviolet regions, these materials are not widely recognized for their sunscreen poten- 
tial, despite the feet that they should not iuffex from the efficacy problems noted above 
for agents that only meatier and reflect such light. 

Titanium dioxide and line oxide each exhibit a strong semiconductor vbsorpcion in the 
ultraviolet, They also scatter and reflect only viable and ultraviolet light. Through 
careful formulation, aesthetically acceptable produces can be mace that minimite rhe 
scattering and reflection while simultaneously absorbing a significant amount of ultra- 
violet light because of rhe clear optical gap. The in vivo data presented herein confirm 
this point, The optical band gap exhibited in the formulated product resulting from the 
presence of tiranium dioxide and zinc Oxide can also be observed when produce has been 
applied to the sWin. 

In conclusion. u$ers of physical sunscreen agents should recognise that there are impor- 
tant differences among these agents; based upon their mechanism of solar ILghx attenua- 
tion. The specific mechanism by which each agent attenuates radiation plays a crucial 
role in its applicability to particular formulation rypes. An understanding of the dif- 
ferent mechanisms of solar attenuation can potentially yield improved sunscreen efficacy 
through the combined use of physical and chemical sunscreen agents. 
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